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, $\lambda$ node $\mu$ $\mathbb{Q}\mathfrak{S}_{n}$-1S $S_{\mathbb{Q}}^{\mu}$
. p $>0$
. A. Kleshchev BRANCHING
RULES FOR MODULAR REPRESENTATIONS OF SYMMETRIC GROUPS $\mathrm{I},\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{I}\mathrm{I},\mathrm{I}\mathrm{V}$
\sim S $D^{\lambda}$ $\mathrm{F}_{p}\mathfrak{S}_{n-1}$ $D^{\lambda}\downarrow 6_{n-1}$ .
Young $parrow\infty$
Soc(D $\downarrow 6_{n-1}$ ) multiplicity-free good $\mathrm{i}$-node $(0\leq i\leq p-1)$ node $\lambda$
$\mu$




$D^{\lambda}$ (inner) tensor $\mu$
$D^{\mu}$ . $P^{\lambda}$
$P^{\mu}$
$\lambda$ $\mathrm{i}\neq j$ good $i$-node $a_{i}$ $j$-node $aj$
$D^{\lambda\backslash \{a_{i}\}}$ $D^{\lambda\backslash \{a_{j}\}}$ block ideal . good $\mathrm{i}$-node normal
$\mathrm{i}$-node $[D^{\lambda}\downarrow \mathrm{e}_{n-1} : D^{\mu}]$ . $\mathbb{Q}$
reduction modulo $p$ QS SQ\lambda l FpSnS –SQ\lambda . 2
$d_{\lambda,\mu}:=[\overline{\mathit{8}_{\mathbb{Q}}^{\lambda}} :D^{\mu}]$ . $D^{\mu}$
Hook lengh formula $(\lambda$ , \mu $)$\mu ( )
.
Date: 2005.
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tensor (crystal b$e) .
crystal graph
.
Misra- , affine Fock
. tensor
(global base) crystal graph l ( )
. global base Lusztig canonical
base Lusztig-Grojnowski . global base
Laecoux-Leclerc-Thibon (LLT-Algorithm
) key idea Kleshchev
2
good $i$-node /
affine $U_{v}(\hat{\mathrm{B}\mathfrak{l}}_{p})$ Fock crystal
graph . global base standard bases
10 explicit . parameter $v$ 1
G. James $GL_{n}(q)$ $q$
$n\leq 10$
mixed case $A$ AHecke
\not\simeq $A$ AHecke
. (LLT
) $\mathrm{L}\mathrm{L}\mathrm{T}$ \S 3 TABLE.I . LLT
L ( $\mathbb{C}$ $l>0$
) .
( LLT ) 2 Fock
background . 4
Varagnolo-Vasserot $\mathrm{L}\mathrm{T}$ .
Jam es $GL_{n}(q)$ $q$ $n$
3 . M. Fayers Ybung $\lambda,\mu$ 3 $p$-Hook $\text{ }$
$\lambda,\mu$ 0, 1 .
0, 1 .
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( )
direct Leclerc-Thibon .
\S 3 TABLE. 1 Kleshchev
Fock v .
Theorem 17,20 $v$ 1 1 * $A$
-He $\mathrm{e}$ Kleshchev . $\mathrm{V}\mathrm{V}$ $\zeta$-Schur algebra
.
CMT 1 vv global




. . $\mathrm{C}\mathrm{M}\mathrm{T}$ 3
Fock . 5
$n$
$\mathrm{J}t$ $\lambda=(\lambda_{1}, \lambda_{2}, \ldots, \lambda_{m}),$ $\lambda_{m}>0$ $1\leq j\leq m,$ $\lambda_{j}>\lambda_{j+1}$
$\lambda(j)=(\lambda_{1}, \ldots, \lambda_{j-1}, \lambda_{j}-1, \lambda_{j+1}, \ldots, \lambda_{m})$
. $1\leq \mathrm{i}<j\leq m,$ $\lambda_{i}<\lambda_{i-1,j}\lambda>\lambda_{j+1}$ ( $\lambda_{0}$ $\lambda_{m+1}$
$+\infty,0$ )
(1) $\lambda(i, j):=(\lambda_{1}, \ldots, \lambda_{\mathrm{i}-1}, \lambda_{i}+1, \lambda_{\mathrm{i}+1}, \ldots, \lambda_{j-1}, \lambda_{j}-1, \lambda_{j+1}, . . . , \lambda_{m})$
.
Definition 1. [Kle97, Ll] $T=\{t_{1}, t_{2}, \ldots, t_{u}\}$ $t_{i}=+1$ $t_{i}=-1$
. sign sequence . $u=0$ , $i.\mathrm{e}$ .
.
Definition2. [Kle97, 1.2] $T=\{t_{1},t_{2}, \ldots , t_{u}\}$ .
(1) $T$ latticed $j=1,2,$ $\ldots,$ $u$ \Sigma l $t_{i}\geq 0$
. latticed .
5Kleshchev Kleshchev





$1+|$ { $i|1\leq i\leq u,$ $t_{i}=$ 1, $\{ti+1,ti+2,$ $\ldots,$ tu} latti $ced$ }
$T$ latticed ,
1 $T$ ,
0 $T$ latticed .
Example 3. [Kle97, 12] $T=\{+1, -1, +1\}$ . $l/(T)=2$ . .
latticed
{ $\mathrm{i}|1\leq \mathrm{i}\leq 3,$ $t_{i}=+1_{7}\{t\mathrm{i}+1,$ $t_{i+2},$ $\ldots,$ $t_{u}\}$ latticed} $=\{3\}$
. $T=\{-1, +1, +1, +1, +1\}$ . $T$ latticed $l^{J}(T)=0$ .
Definition 4. [Kle97, 1.3] $\lambda=(\lambda_{1}, \lambda_{2}, \ldots, \lambda_{m})$ $n$ . $\lambda_{m}>0,0\leq$
$i<j\leq m$ . $\{k_{1}>k_{2}>\ldots>k_{u}\}$ $k$ :
$\mathrm{i}<k<j$ :
(i) $\lambda_{k}>\lambda_{k+1}$ $\lambda_{k}-k\equiv\lambda_{j}-j\mathrm{m}\mathrm{o}\mathrm{d} p$
(ii) $\lambda_{k}<\lambda_{k-1}$ $\lambda_{k}-k+1\equiv\lambda j-j\mathrm{m}\mathrm{o}\mathrm{d} p$
$l=1,2,$ $\ldots,$ $u$
(1) $k=k_{l}$ (i) $t_{l}=+1$ ,
(2) $k=k_{l}$ (ii) $t_{l}=-1$
$T_{i_{j}j}(\lambda)=\{t1_{)}t2, \ldots, t_{u}\}$ .
Remark 5, (a) $k=k_{l}$ Definition 4 (i) (ii)
. $T_{i_{j}j}(\lambda)$ well-defined .
(b) $T_{i_{j}j}(\lambda)$ .
S $n$ . $\mathrm{F}_{p}\mathfrak{S}_{n}$ Specht $S^{\lambda}$ , D\mu ( $\mu$ p- $\rangle$ ,
$D^{\mu}$ $P^{\mu}$ .
Specht(standard)
: $[S^{\lambda} : D^{\mu}](=:d_{\lambda,\mu})$ . Brauer $d_{\lambda,\mu}=[P^{\mu} : S^{\lambda}]$
. ( Specht ffltration ) $\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{F}_{\mathrm{p}}D^{\mu}$
. [Kle97] .
Theorem 6(Kleshchev[ ]). $\lambda=(\lambda_{1}\geq\lambda_{2}\geq\ldots\geq\lambda_{m}>0)$ $n$ pn
. ( $\lambda_{m+1}=0$ ) $1\leq j\leq m,$ $\lambda_{j}>\lambda_{j+1}$
:
$[D^{\lambda}\downarrow \mathrm{e}_{n-1} : D^{\lambda(j)}]=\iota/(T_{0,j}.(\lambda))$ .
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Remark 7 $T_{0j}(\lambda)$ latticed removat node $A=(j, \lambda_{j})$ normal
. Frobenius
(2) $[D^{\lambda}\downarrow_{6_{n-1}} : D^{\lambda(j)}]=[P^{\lambda(j)}\uparrow^{6_{n}}: P^{\lambda}]$
. . Theorem 6
Theorem 17 (2) vv ,
[D\lambda \downarrow -l: $D^{\mu}$ ] .
Definition 8. [Kle97, 17] $J(\neq\emptyset)$ . , $J$
:
(3) $J=[b_{1}, c_{1}]\cup[b_{2}, c_{2}]$ U.. . $\cup[b_{N}, c_{N}]$
$b_{i+1}-c_{\mathrm{i}}>1$ for $\mathrm{i}=1,2,$ $\ldots,$ $N-1$ .
$[x, y]=\{i\in \mathbb{Z}|x\leq \mathrm{i}\leq y\}$ . (3) $J$ .
Definition 9. [Kle97, 18] $T=\{t_{1}, t_{2}, \ldots, t_{u}\}$ .
(i) $1\leq \mathrm{i}\leq j\leq u$ $T(\mathrm{i}, j):=\{ti, ti+1, \ldots,tj\}$ .
(ii) $J$ [1, %] . $J$ $\int T$ $[1, u]$ ) latticed subset
2 :
(a) $J\subset\{\mathrm{i}|t_{i}=-1\}_{j}$
(b) $[1, u]\backslash J=b_{1,1}c]\cup[b_{2}, c_{2}]\cup\ldots\cup[b_{N,N}c]$
$\mathrm{i}=1,2,$
$\ldots,$
$N$ $T(b_{i}, c_{i})$ latticed .
Definition 10. $T=\{t1, t2, \ldots, t_{u}\}$ $\mathcal{L}\mathrm{S}\mathrm{S}(T)$ $T$ $[1_{\rangle}u]$
latticed subset .
Definition 11. $[\mathrm{K}1\mathrm{e}97,1.9]1\leq i<j\leq m$ . Q $j(\lambda)$ .
$Q_{i,j}(\lambda)=\{$
0 : $\lambda_{j}-j\not\equiv\lambda_{i}-i+1\mathrm{m}\mathrm{o}\mathrm{d} p$ ,
$\#\mathcal{L}\mathrm{S}S(T_{i,j}(\lambda))$ ; $\lambda_{j}-j\equiv\lambda_{i}-i+1$ modp $\emptyset$ .
(1) $\lambda(\mathrm{i}$ , Kleshchev 2 :
Theorem 12 (Kleshchev[ ]). [Kle97, 1.10] $\lambda=(\lambda_{1}\geq\lambda_{2}\geq\ldots\geq\lambda_{m}>0)$
$n$ ,1 $\leq i<j\leq m,$ $\lambda_{j}>\lambda_{j+1},$ $(\lambda_{0}=+\infty, \lambda_{m+1}=0)$ , $\lambda(\mathrm{i},j)$
$p$-regular . , :
[ $S^{\lambda}$ : D”0, ]=Q j $(\lambda)$
Remark 13. $A$ ne Weyl
Kazhdan-Lusztig Theorem 15 [Ari96]
6(HYOHE MIYACHI)
. 6 $p$ $n$
. ( $A$ Lusztig , Schur
James ). $p,$ $n$ Kazhdan-Lusztig








Uv(g^’e)e . $U_{v}(\hat{\epsilon \mathfrak{l}}_{e})$
$U_{v}(\hat{\mathrm{g}}\mathfrak{t}_{\mathrm{e}})$ $U_{v}(\hat{s\mathfrak{l}}_{e})$ Heisenberg
.
Theorem 14 (Kashiwara, Leclerc-Thibon). $F_{v}$ bar involution- .
:
$\overline{G(\lambda)}=G(\lambda),$ $G(\lambda)\equiv|\lambda\rangle \mathrm{m}\mathrm{o}\mathrm{d} vL$ ,
$\overline{G^{-}(\lambda)}=G^{-}(\lambda),$ $G^{-}(\lambda)\equiv|\{\lambda\}\mathrm{m}\mathrm{o}\mathrm{d} v^{-1}L^{-}$ ,
$L$ $\{|\lambda\rangle\}$ Z[v]v L- $\{|\lambda\rangle\}$ $\mathbb{Z}[v^{-1}]-$
$G(\lambda)$ canonical base glo $bal$ base $G^{-}(\lambda)$ dual
canonical base dual global base . 7
$\lambda,$
$\mu$ $d_{\lambda,\mu}(v)$ , eA,p( :




$q^{1/2}$ $R$ Weyl $W$ $\mathcal{H}_{R,q}(W)$ $R$ parameter
$q$ $W$ -Hecke . $A$ $q$-Schur $\mathrm{S}_{R,q}(n)$
6 $A$ Kazhdan-Lusztig,Kashiwara-Tanisaki,Andersen-Janzten-Soergel
.
$7_{e}$-singular $\mu$ $G(\mu)$ global base
. $G$ global base $\mathrm{G}$ .




$M^{P}$ $\prime H$ ,$q(P)$ index
.
$\zeta$
$\mathbb{C}$ 1 \sim . $\mathcal{H}_{\mathrm{C}},’(\mathfrak{S}_{n})$ Specht $S_{\zeta}^{\lambda}$ , $D_{\zeta}^{\mu}$
( $\mu$ \sim ), $D_{\zeta}^{\mu}$ $P^{\mu}$ .
:
Theorem 15 ( $[A$ ]). $[S_{\zeta}^{\lambda} : D_{\zeta}^{\mu}]=d_{\lambda,\mu}(1)$ . $\mu$ ee .
Varagnolo-Vasserot $\mathrm{L}\mathrm{T}$ [VV99] 8 . $S_{\mathbb{C},\zeta}(n)$
Weyl(standard) $\Delta_{\zeta}(\lambda)$ , top $L\zeta(\lambda)$ .
Theorem 16 (Varagnolo-Vasserot).
$[\Delta_{\zeta}(\lambda’) : L_{\zeta}(\mu’)]=d_{\lambda_{:}\mu}(1)$ , \sigma ’ \sigma
$d_{\lambda,\mu}(v)$ , e\lambda ,\mu ( $A$ affine Weyl Kazhdan-Lusztig ,




$d_{\lambda,\mu}(v)$ , e”\mu (
Kleshchev 2
,Varagnolo-Vasserot Fock canonical $\mathrm{b}\mathrm{a}\mathrm{s}\mathrm{e}\mathrm{s}/\mathrm{g}\mathrm{l}\mathrm{o}\mathrm{b}\mathrm{a}\mathrm{l}$bases
Hecke $/\mathrm{q}$-Schur ( , )
:
Fock space
canonical base $G(*)$ $\mapsto$ tilting $\mathrm{m}\mathrm{o}$‘
standard base $|*\rangle$ $rightarrow$ standard $\mathrm{m}($
dual cano $\mathrm{c}\mathrm{a}\mathrm{l}$ base $G^{-}(*)$ $rightarrow$ simple $\mathrm{m}\mathrm{o}($
action of $fi$ $rightarrow$ ui-inducti$\cdot$.







8Kashiwara–Tanisaki[KT95] Kazhdan-Lusztig . S ffmann
.
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\S 2 $p$ $e$ .
Chevalley ’ $\mathrm{s}$ $U_{v}(5[_{e})\wedge$ negative part .
Kleshchev vv ,:
Theorem 17 (Chuang-M-Tan[vv ]). $\lambda$ node(l, $\lambda_{l}$ ) $e$ -residue $r$
. $./^{l}rG( \lambda(l))=\sum_{\mu}b_{\mu}(v)G(\mu)$ . , :
$b_{\lambda}(v)=[\nu(T_{0;l}(\lambda))]_{v}$ .
$[x]_{v}$ vv $(v^{x}-v^{-x})/(v-v^{-1}),$ $[0]_{v}=0.9$
Remark 18. Kleshchev Theorem 6 Theorem 17 !
! Remark 7 TABLE. 1 . dual canonical
base $e\mathrm{i}$ action Frobenius v- .
Kleshchev vv .
Definition 19. $T=\{t1, t2, \ldots, t_{u}\}$ . $T$ $v$
$Q(T)(v)$ :
$Q(T)(v).– \sum_{J\in L\mathrm{S}\mathrm{S}(T)}v^{c(T,J\rangle}\in \mathrm{N}_{0}[v]$
.
$c(T, J):=1+ \beta(J)+\sum_{k\in([1,u]\backslash J)}t_{k}$
.
Theorem 20 (Chuang-M- n[v- ]). $\lambda=(\lambda_{1}\geq\lambda_{2}\geq\ldots\geq\lambda_{m}>0)$ $n$
,1 $\leq \mathrm{i}<j\leq m,$ $\lambda_{j}>\lambda_{j+1},$ $(\lambda_{0}=+\infty, \lambda_{m+1}=0)$ . 10 ,
:11
$d_{\lambda,\lambda(\mathrm{i},j)}(v)=Q(T_{i,j}(\lambda))(v)$ .
Remark 21. $v=1$ ! ! ,




10 $\lambda(\mathrm{i},j)$ $p$-regular .
$11_{\mathrm{L}\mathrm{a}\mathrm{s}\mathrm{c}\mathrm{o}\mathrm{u}\mathrm{x}}$ Kostka-Foulkes $e_{e\lambda,\mathrm{e}\mu}(v^{1/2})$ .
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, 2 Theorem 15, Varagnolo-Vasserot Theo-
rem 16 Kleshchev Theorem 6,12 CMT Theorem 17,20
$e=p$ :
Corollary 22. (1) $(\lambda, \lambda(\mathrm{i}))$ $p$ -modular C 1
p parameter Hecke modular .
(2) $(\lambda, \lambda(\mathrm{i},j))$ Lusztig ,James




Question 23. ($q$ ) mixed case $?\{_{\mathrm{F}_{\ell}(q^{1/2}),q}(\mathfrak{S}_{n}),$ $\star_{\mathrm{F}_{l}(q^{1/2}),q}(n)$
Corollary 22 ?
: Bernard Leclerc ,
(affine type ) crystal graph vv vv








$|\lambda\rangle$ $G(\mu)$ $v$ $d_{\mu,\lambda}(v)$
. $|\lambda\rangle$









vv . [CMT02] \S 5 . 12 [LecOl, Proposition il] ,
12 Theorem 25 ( mixed case q-Schur








$\mathbb{Z}$ $\mathrm{N}$ . .
.
3 :
(1) generic HalJ 2 canonical bases canonical bases
. (Lusztig[Lus90|,[Lus91], [Lus98],[VV99])
(2) Varagnolo-Vasserot [VV99] 0. Schiffinann [SchOO] . $\mathrm{i}.\mathrm{e}$ . $\mathrm{U}_{e}^{-}$
$U_{v}(\hat{\epsilon\ddagger}_{\epsilon})$ negative part generic Hall . Schiffmann
;
$\mathrm{B}|\emptyset\rangle=\mathrm{B}^{+}$ .
$\mathrm{B}$ [VV99, 35] Ue- canonical bases , $\mathrm{B}^{+}=$
{ $G(\lambda)|\lambda$ }.
(3) $d_{\lambda,\mu}(v)\in \mathrm{N}\mathrm{o}[v]$ [LecOl, Corollary 14] (Kashiwara-Tanisaki $[\mathrm{K}\mathrm{T}02]$ , Varagnolo-
Vasserot [VV99] , Schiffmann [SchOO] $)$
3 2 ;
Proposition 24. If we write $f_{r}(G( \sigma))=\sum_{\rho}a_{\rho}(v)G(\rho)$ , then $a_{\rho}(v)\in \mathrm{N}_{0}[v, v^{-1}]$ and it is
easy to see that $a_{\rho}(v)=a_{\rho}(v^{-1})$ .
Proposition d\lambda ,/’( subtract canonical base
,
No $[v, v^{-1}]$ bar $v\mathrm{N}_{0}[v]$
. .
5. 1
Theorem 25. [CMT02, Theorem 1] Let A $=$ $(\lambda_{1}, \lambda_{2}, \ldots )$ and $\mu=(\mu_{1}, \mu_{2}, \ldots )$ be parti-
tions.
(1) (Row removall) Suppose that $\lambda_{1}+\cdots+$ A $\Gamma=\mu_{1}+\cdots+\mu_{r}$ for some $r$ and let
$\lambda^{(0)}=(\lambda_{1}, \ldots, \lambda_{r})$ , $\mu^{(0)}=(\mu_{1}, \ldots, \mu_{r})$ ,
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Ihen $d_{\lambda\mu}(v)=d_{\lambda}(0)\mu(0)(v)d_{\lambda}(1)\mu(1)(v)$ .
(2) (Column removal) Suppose that $\lambda_{1}’+\cdots+\lambda_{r}’=\mu_{1}’+\cdots+\mu_{r}’$ for some $r$ and let
$\lambda^{(0)/}=(\lambda_{1}’, \ldots, \lambda_{r}’)$ , $\mu^{(0)\prime}=(\mu_{1}’, \ldots, \mu_{r}’)$ ,





. GAP–Group, Algorithms, and Programming
$[\mathrm{S}^{+}95]$ version 3 release 4 patch level 413 A. Mathas package SPECHT version 24
vC . scripts Subsection 6.1
. . $\mathrm{Q}\mathrm{u}\mathrm{a}\mathrm{n}\mathrm{t}\dot{\mathrm{I}}\mathrm{z}\mathrm{e}\mathrm{d}\mathrm{K}\mathrm{I}\mathrm{e}\mathrm{s}\mathrm{h}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{v}\mathrm{S}\mathrm{h}_{\dot{\mathrm{I}}}\mathrm{f}\mathrm{t}\mathrm{F}\mathrm{o}\mathrm{r}\mathrm{m}\mathrm{u}\mathrm{I}\mathrm{a}$
Kleshchev .
a latticed subset for loop .
$\mathrm{y}$ .
for a in lss do
$\mathrm{t}:=\mathrm{t}+\mathrm{v}^{\wedge}(1+\mathrm{L}\mathrm{e}\mathrm{n}\mathrm{g}\mathrm{t}\mathrm{h}\mathrm{t}\mathrm{a})).\cdot$
$\mathrm{o}\mathrm{d}$ ;
lsKleshchevOneShift ( $\lambda$ , \lambda (i, )
. 14 SPECHT $\mathrm{C}\mathrm{r}\mathrm{y}\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{l}\mathrm{D}\mathrm{e}\mathrm{c}\mathrm{o}\mathrm{m}\mathrm{p}o\mathrm{s}\dot{|}\mathrm{t}\dot{\iota}\mathrm{o}\mathrm{n}\mathrm{M}\mathrm{a}\mathrm{t}\mathrm{r}j\chi$
$d_{\lambda,\mu}(v)$ . ” $\circ$’





for a in lss do
ta: $=0$ ;
for $\mathrm{b}$ in [1. . Length(lattice)] do
if not $\mathrm{b}$ in a then



















SPECHT additional functions Hyohe MIYACHI
$\#\mathrm{Y}$ July 2003, Nagoya university.
$\#$
$\#$
$\#$ These functions need Mathas’ SPECHT share package. (See,
$\#$ RequierPackage ).
if not IsBound( $\mathrm{S}\mathrm{P}\mathrm{E}\mathrm{C}\mathrm{H}\mathrm{T}\rangle$ then
RequirePackage $(”\mathrm{s}\mathrm{p}\mathrm{e}\mathrm{c}\mathrm{h}\mathrm{t}^{\prime:}\rangle$ ;
$\mathrm{f}\mathrm{i}$ ;
if not IsBound(v) then
$\mathrm{v}:=\mathrm{I}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{a}\mathrm{t}\mathrm{e}$(Cyclotomi $\mathrm{c}\mathrm{s}\rangle$ $j$
$\mathrm{v}$ .name: $=\mathrm{v}^{\mathfrak{l}\mathfrak{l}}$ ;$\prime\prime$
$\mathrm{f}\mathrm{i}$ ;





IsKleshchev0neShift: $=\mathrm{f}\mathrm{m}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$(lambda , $\mathrm{m}\mathrm{u}$)
local $\mathrm{i}_{*}\mathrm{j}$ , lambdaO , $\mathrm{m}\mathrm{u}0$ , sleng, lleng, test ;
$\mathrm{i}\mathrm{f}$ not Sum(lambda) $=\mathrm{S}\mathrm{u}\mathrm{m}(\mathrm{m}\mathrm{u})$ then
return $\mathrm{f}$alse;
else
if Length(lambda) $<$ Length(mu) then
lambdaO: ;mu ; $\#\mathrm{S}\mathrm{h}\mathrm{a}\mathrm{l}\mathrm{l}\mathrm{o}\mathrm{w}\mathrm{C}\mathrm{o}\mathrm{p}\mathrm{y}(\mathrm{m}\mathrm{u}\rangle j$
$\mathrm{m}\mathrm{u}\mathrm{O}:=\mathrm{S}\mathrm{h}\mathrm{a}\mathrm{l}\mathrm{l}\mathrm{o}\mathrm{w}\mathrm{C}\mathrm{o}\mathrm{p}\mathrm{y}$( lambda) :
else




lleng $:=\mathrm{L}\mathrm{e}\mathrm{n}\mathrm{g}\mathrm{t}\mathrm{h}$ ( lambdaO);
if lleng-sleng $>1$ then
13







for 1 in [1. .llengl do
test: $=\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}+\mathrm{A}\mathrm{b}\mathrm{s}\mathrm{I}\mathrm{n}\mathrm{t}$ (lambdaO $[\mathrm{i}]-\mathrm{m}\mathrm{u}\mathrm{O}[\mathrm{i}]$ ) ;
$\mathrm{o}\mathrm{d}j$
#They are Kleshchev one shifted pairs if and only if
$\#$ there are only two rows, say i-th and $\mathrm{i}$ -th, such that
$\#$ lamb$\mathrm{d}\mathrm{a}\mathrm{O}[\mathrm{i}]--\mathrm{m}\mathrm{u}0[\mathrm{i}]-1$,lambdaO $[\mathrm{j}]\Leftrightarrow \mathrm{n}\mathrm{l}\mathrm{U}0[\mathrm{j}]+1$ ,













KleshchevT $:=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ ( $\mathrm{e}$ , $\mathrm{i},\mathrm{j}$ , lambd a $\rangle$
local $\mathrm{t},\mathrm{k}$ , sseq;
if not $\mathrm{i}<\mathrm{j}$ then
Print $(”\mathrm{T}\mathrm{h}\mathrm{e}$ second entry must be smaller than the third !11, $1’\backslash \mathrm{n}^{\prime\prime)}i$
else
if Length(lambda) $<\mathrm{j}$ then
Print(”The third entry must be at most the length of,
lambda , $”\backslash \mathrm{n}^{\prime\prime)}i$
else
sseq:
for $\mathrm{t}$ in $[1 . . \mathrm{j}-\mathrm{i}-1]$ do
$\mathrm{k}:=\mathrm{j}-\mathrm{t}j$
$\mathrm{i}\mathrm{f}$ lambda $[\mathrm{k}]>$ lambda $[\mathrm{k}+1]$ and


















IsLatticed: $=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ ( sseq )
local $\mathrm{t},\mathrm{i}$ ,leng;
if sseq $=[]$ then
return true;
else













$\#\mathrm{F}$ MakePowerSet $( <\mathrm{s}\mathrm{e}\mathrm{t}> )$
$\#$
MakePowerSet $:=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ ( set )
local power , leng, tup , $\mathrm{i},\mathrm{j}$ ;
power $:=[]j$
1 $\mathrm{e}\mathrm{n}\mathrm{g}:=\mathrm{L}\mathrm{e}\mathrm{n}\mathrm{g}\mathrm{t}\mathrm{h}\zeta \mathrm{s}$ et $\rangle$ ;
tup $:=\mathrm{T}\mathrm{u}\mathrm{p}\mathrm{l}\mathrm{e}\mathrm{s}$ $\langle$ $[0 , 1]$ , leng) ;
for 1 in $[1. . 2^{-}1\mathrm{e}\mathrm{n}\mathrm{g}]$ do
power [il $:=[]$ ;
for $\mathrm{i}$ in [1. . leng] do
if $\mathrm{t}\mathrm{u}\mathrm{p}$ [il $[\mathrm{j}]=1$ then









$\#\mathrm{F}$ LatticedSubsets $( <\mathrm{s}\mathrm{i}\mathrm{g}\mathrm{n}\mathrm{e}\mathrm{d}\mathrm{s}\mathrm{e}\mathrm{q}> )$
$\#$
LatticedSubsets: $=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ ( sseq )
15
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local $\mathrm{i}$ , $\mathrm{u}$ ,minuspart ,powerset ,seq, $\mathrm{J},$ $\mathrm{c}\mathrm{J}$ ,initial , $\mathrm{t}$ ,test , lengcJ , $\mathrm{r}\mathrm{e}\mathrm{s}$ ;





for $\mathrm{i}$ in $[$ 1. . $\mathrm{u}]$ do
if sseq [il $=-1$ then





for $\mathrm{J}$ in powerset do
seq: $=\mathrm{S}\mathrm{h}\mathrm{a}\mathrm{l}\mathrm{l}\mathrm{o}\mathrm{w}\mathrm{C}\mathrm{o}\mathrm{p}\mathrm{y}$ ( sseq $\rangle$ ;
$\mathrm{c}\mathrm{J}:=[1$ . .ul $j$









while test and $\langle$ $\mathrm{i}<=\mathrm{l}\mathrm{e}\mathrm{n}\mathrm{g}\mathrm{c}\mathrm{J})$ do
if not $\mathrm{c}\mathrm{J}$ [il +1 in $\mathrm{c}\mathrm{J}$ then





















$\mathrm{K}\mathrm{l}8\mathrm{s}\mathrm{h}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{v}\mathrm{Q}:=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$( $\mathrm{e}$ , $\mathrm{i},\mathrm{j}$ , lambda)







QuantizedKleshchevshiftFormula: $=\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}$ ion $(\arg)$
local $\mathrm{a},\mathrm{b}$ ,ta,lattice,lss , $\mathrm{t}$ , $\mathrm{e},\mathrm{i},\mathrm{j}$ , lambda;
$\mathrm{t}:=0*\mathrm{v}$ :









lss $:=\mathrm{L}\mathrm{a}\mathrm{t}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{e}\mathrm{d}\mathrm{S}\mathrm{u}\mathrm{b}\mathrm{s}\mathrm{e}\mathrm{t}\mathrm{s}$ (lattice) ;
$\mathrm{f}\mathrm{i}$ :
for a in lss do
ta: $=0$ ;
for $\mathrm{b}$ in [1. . Length(lattice)] do
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[Ari96] $\mathrm{s}.$ Ariki. On the decomposition numbers of the Hecke algebra of $G(m, 1, n).$ J. Math. Kyoto
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